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Abstract 
Many water quality models have been extensively used to evaluate non-point source pollution, such as SWMM 
(Storm Water Management Model), AnnAGNPS (Annualized Agricultural Non-point Source), HSPF (Hydrological 
Simulation Program– Fortran), SWAT (Soil and Water Assessment Tool) and so on. However, these models’ 
construction tended to be complex, only used well in the condition of many parameters and normative data can be 
obtained. There were much problem to use these models in tidal plain, where topography were flat, stream network 
were complex and controlled by many water conservancy systems. The L-THIA (Long-Term Hydrologic Impact 
Assessment) model can be used in the areas with uncompleted data, evaluate the effects of land use on non-point 
source pollution, because it only needs land use, soil types and some rainfall data. But the output results of L-THIA 
model are the annual average runoff volume and pollution load, which cannot be obtained easily in in-site 
observation. In this paper, one of typical tidal plain, Sihu basin in Hubei province of China, was studied. The annual 
average runoff volume and the non-point source nitrogen and phosphorus load of each grid (16m*16m) and the 
spatial distribution were estimated by L-THIA model. The average load of non-point source nitrogen and phosphorus 
at each exit of the units were calculated based on the suppose that the pollution load is inverse to the distance of water 
flow. Model validation was executed by comparing calculated results and observed water quality data for study area. 
The results demonstrated that there were highly significant linear correlation between the calculated average load of 
non-point source nitrogen and phosphorus and the measured concentrations of TP and TN (TN: R=0.828; TP: 
R=0.957). These suggested that the average load of non-point source nitrogen and phosphorus were reliable to 
evaluate non-point source pollution. Moreover, the simulation results illustrated that the non-point source nitrogen 
and phosphorus loads under different land uses were quite different. The impact of dry lands on the non-point source 
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nitrogen and phosphorus was the highest; that of paddy fields and residential areas were secondary; and the impact of 
woodlands to non-point source nitrogen and phosphorus was the minimum. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
There are much impacts of land use and land cover (LULC) on water quality of basins, many water 
quality models have been used to evaluate the impacts, especially in the basins with much non-point 
source (NPS) pollution. Among the models, Storm Water Management Model (SWMM) is mainly used 
in urban rainwater management, and evaluates NPS pollution [1-4]. Annualized Agricultural Non-point 
Source Pollution Model (AnnAGNPS) and Hydrological Simulation Program– FORTRAN (HSPF) are 
extensively used to evaluate the NPS pollution of agricultural lands. HSPF considers the complexity 
pollutants balance of nitrogen, phosphorus and pesticide [5-9], while AnnAGNPS does not [10-14]. Soil 
and Water Assessment Tool (SWAT) is a continuous simulation model that has proven to be an effective 
tool for assessing the impact of management on water supplies and NPS pollution in rural watersheds and 
large river basins [15-19]. However, these models’ construction tends to be complex, only use well in the 
condition of many parameters and normative data can be got. Li (2004) proposed that, compared with the 
actual stream networks, there were some errors to extract stream networks using DEM (Digital Elevation 
Model) in the flat area where the average topographic slope was less than 3° [20]. Obviously, the 
hydrological simulation in tidal plain is a problem. Furthermore, it is more difficult to simulate water 
quality. In typical tidal plain, the agricultural NPS pollution is often serious, due to excessive and 
irrational fertilization; peculiar agricultural water recycling where is the sink of water from hillside 
around [21]. In China, the tidal plain often is the important agricultural areas. The irrigation water 
systems are under the control of the polder, dam and culvert formed by years of water conservancy 
construction. And the natural process of surface runoff is also under the human control. So looking for 
new modeling ideas and simple methods is particularly important.  
Compared with other models, the Long Term Hydrologic Impact Assessment (L-THIA) model is 
widely used in assessment of land use change on hydrology and water quality in the region with 
uncompleted data, because it only needs land use, soil types and some rainfall data[22]. Bhaduri (2000) 
pointed that the L-THIA model was a very important tool to analyze sensitivity to NPS pollution of the 
areas [23]. Tang (2005) forecasted land use change and its environmental impact in Muskegon River 
Watershed using L-THIA model. Their results showed that urbanization slightly or considerably 
increased runoff volume, depending on the development rate, slightly increase nutrient losses in runoff 
[24]. Choi (2005) predicted the mean annual surface runoff and mean annual NPS pollutant loads in the 
St. Louis Metropolitan Area, USA in 2030 using three economic growth scenarios (base, low, and high) 
and a long-term precipitation dataset, and found that in the most dramatic change (high growth) scenario, 
the runoff would increase across time but at varying rates, and temporal pollutant loads would result in a 
more complicated pattern than in the other scenarios [25]. Wilson (2010) used L-THIA model to simulate 
and analyze the surface water quality and its relation with urban land cover changes in the Lake Calumet 
area, Greater Chicago. Their study demonstrated that the level of concentration of non-point source 
pollutants in surface water within an urban watershed heavily depended on the spatiotemporal variations 
in areas, to some extent of the variations [26]. There were many successful cases using L-THIA in China 
[27-33]. Zhang (2011) used L-THIA model to analyze the spatial distribution of NPS pollution in 
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of 
Environment, Beijing Normal University.
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Qingdao, and found that the impact of agricultural land on NPS pollution load was the greatest, followed 
by residential areas [34].  
The output results of L-THIA model are the annual average runoff volume and pollutant load, which 
cannot be obtained easily in in-site observation. So it is important to validate its results against observed 
data, but in reality, such ideal data are almost impossible to obtain. Lim (2006) observed the actual 
surface runoff volume to validate the annual average runoff volume assessed by L-THIA model, and 
found that the results fit well with the observed data [35]. However, the validation just on the annual 
average runoff cannot replace that on NPS pollutant load or concentration. Therefore, it is also important 
to look for more direct methods to validate the results of L-THIA.  
In this paper, the L-THIA model was applied to the Sihu basin, a typical tidal plain, after reclamation 
of many natural wetlands were done for a long time, it was a wetland agricultural basin now, to evaluate 
impacts on NPS pollution under different land uses. To validate model’ results, at first, the digital river 
network of Sihu basin was extracted from the HJ-1AB(Environment and disaster monitoring and 
forecasting small satellites of China) image, the DEM data of the basin was adjusted based on the method 
proposed by Turcotte (2001)[36], the buffering areas with different distance were drawn for the different 
channels and lakes, their altitude were reduced to different extent according to the different distance; then, 
17 hydrological units (or sub-basin) of the basin were chosen, the direction and distance of water flow in 
every grid in every unit were ascertained, the average load of NPS nitrogen and phosphorus at each exit 
of the unit were calculated based on the suppose that the pollution load is inverse to the distance of water 
flow; finally, the water samples from the exit of every unit were collected and the concentration of total N 
and P were tested, linear correlation between average loads of nitrogen and phosphorus and the 
concentration of TP and TN were analyzed. After the validation of model results, this research further 
analyzed the impacts on NPS nitrogen and phosphorus load under different land uses. 
2. Methodology 
2.1. Study area 
Sihu basin locates at the hinterland of Jianghan Plain in Hubei Province (29 ° 26'-31 ° 02'N, 111 ° 57'-
114 ° 05'E), where stream network is complex, may be called wetland agricultural area because many 
farmlands here were come from reclamation of natural wetlands. On the one hand, as the geographical 
features of the low land, the emission and leaching properties from surrounding hills and mountains 
continue to flow to the bottom of the basin. On the other hand, high content of nitrogen and phosphorus in 
water in the basin for a long time is due to the vertical and horizontal canals, mixing the water of through 
irrigation with drainage. 
The basin, total area is 11 547.5 km2 , in the embankments is 10 375 km2, out of the embankments is 1 
172.5 km2, farmland is 4 330 km2, water area is about 2 290 km2. Here, annual rainfall is 1100- 1300 mm, 
and about 75.4% of that occur between the growing season of crop (April- October) [37]. The location in 
Hubei province sees Fig 1. 
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Fig.1. Sihu basin, Hubei province, China. Selected units in Sihu basin.  
2.2.  L-THIA model 
The L-THIA model was developed as a relatively simple runoff calculation technique and can be 
generated to evaluate the long term potential hydrologic impact of land use change on water quality [38]. 
The L-THIA approach used the curve number (CN) method for calculating runoff, which was selected 
because it was used as a core component of many hydrologic models [39-40]. The L-THIA model had 
been successfully linked with GIS (Geography Information System) software as an application for 
assessing long-term impact of land use change on watershed runoff [41]. Here are the steps: (1) input the 
raster data of land use and soil types to the model; (2) Through the CN value table[42], find the CN value 
of different combination of land uses and soil types, and use AMC (Antecedent Soil Moisture conditions) 
to correct, get the distribution of CN value (grid map); (3) Input precipitation data, according to the CN 
values get the spatial distribution of runoff in each grid (16m*16m) (grid map); (4) Use extension 
analysis of NPS pollution in Arcview, obtain the spatial distribution of NPS nitrogen and phosphorus in 
Sihu basin (grid map). 
2.3. Data 
The land use data of Sihu basin was extracted from 1:200 000 land use of Hubei Province. Soil data 
was from the second soil survey in Hubei Province. Precipitation data was from the Jingzhou 
Meteorology Bureau. The DEM was from the NASA (National Aeronautics and Space Administration) 
website. The Arcview was used to reclassify all land uses into eight required by L-THIA. Because some 
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land use types in study area are different from those required by L-THIA, and there is no orchard in study 
area, the seven land use types are water, paddy fields, dry lands, residential areas, grasslands and 
woodlands. In study area, the seven soil types are paddy soil, alluvial soil, gray soil, lime soil, purple soil, 
brown soil and meadow soil. According to the classification of the America Soil Bureau, the soil types 
will be divided into A, B, C and D 4 class [42]. 
2.4.  Validation of model results 
The results of L-THIA model are the annual average runoff volume and pollutant load of each grid 
(16m*16m), which can not be obtained easily in observation. We selected 17 hydrologic units of the basin, 
where with little or not industrial pollution, obtained water samples at every unit’s outlet and tested TN 
and TP of the samples in lab. Then the average NPS load of nitrogen and phosphorus at the exit of every 
hydrologic units will be calculated based on the loads of nitrogen and phosphorus in every grid in the unit 
from modeling were inverse to the distances from every grid to exit of every unit, linear correlation 
between average loads of N + P from modeling and the observation of TN and TP were analyzed to assess 
the fitness of the modeling.  
17 hydrologic units located at the both sides of main channel, see Fig 1. The concentration of TN was 
measured by Alkaline Oxidation- Ultraviolet Spectrophotometers; and concentration of TP was measured 
by Potassium oxide - molybdenum antimony colorimeters resistance. Specific steps referred to Water and 
Wastewater Monitoring and Analysis Methods (4th edition) [43]. Then the average of 4 times collected in 
2010 was calculated. 
Developed river network, and many systems of drainage and irrigation of Sihu basin have artificially 
changed the direction of runoff. Li (2004) proposed that there are some errors to extract stream networks 
using DEM in the flat area where the average topographic slope is less than 3° [20]. So, in the typical 
tidal plain, it is not correct to only use DEM technical to compute the direction of runoff. The direction of 
runoff should be corrected by the digital river network. The direction of runoff is calculated by the 
hydrologic module in ARCGIS, and specifically as follows:  
Extraction of the digital river network: using ETM (Enhanced Thematic Mapper) satellite remote 
sensing data, selecting three view ETM cloud-free data in 2001 (140 tracks 39 areas, 139 tracks 39 areas, 
139 tracks 40 areas), using the embedded technology, through LOC-Water (Lines of Communication) 
technology provided by the ENVI software. 
Correction of DEM data: we used DEM data and digital river network modification technique 
provided by Turcotte [36], which the altitude of man-made ditches, canals, rivers and lakes were 
decreased, so that the modified DEM data can reflect the direction of surface runoff correctly. According 
to the specific circumstances of Sihu basin, the specific parameters in the modified process were as 
follows: The raster data was generated through buffer zone transformation of general trunk for 16 m, the 
main channel for 60m. Each raster data would be reduced to different altitude, which the general trunk to 
5 m, the main channels to 10 m, and the lakes to 10m, the Yangtze River and Hanjiang to 15m, the rest to 
0m. Raster river network data was subtracted from the DEM data, and a new DEM data would be 
generated. The new DEM data can reflect the direction of runoff after precipitation in Sihu basin.  
The new DEM data would be put into ArcMap, using Fill function in Hydrologic module to eliminate 
the SINK area, and finally the direction of runoff of each grid were calculated using Flow Direction 
function. Based on a strict inverse relationship between the NPS pollutant load and the distance, NPS 
pollutant load of each grid flowed through the hydrologic units was to the formula:  
         (1) 
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where f(i,j) = NPS pollutant load of the i,j grid flowed through the hydrologic units; S(i,j) = the load of 
pollutant in the i,j grid; l(i,j) = the distance of the i,j grid flowed through the hydrologic units.  
The average load of NPS nitrogen and phosphorus at the exit of hydrologic units was to the formula: 
 
(2) 
 
where S(i,j)= the L-THIA model result data; l(i,j)= the data through the modified DEM data.  
Using the CUT technology in ArcMap to extract raster data of total nitrogen and runoff direction, and 
using Distance of Hydro module to calculate the distance of pollutant flowed through hydrologic units, 
according to the formula (1), (2), the average load of NPS nitrogen and phosphorus at the exit of 
hydrologic units was calculated, the specific operation process was shown in Fig 5 (The calculated 
process of average load of NPS nitrogen at the exit of Dongfeng unit). 
 
Fig.3. The operation process of average load of NPS nitrogen at the exit of Dongfeng unit 
3. Results and analysis 
3.1.  Land uses 
We cut the original land use map to get land use map of Sihu basin and conversed the format to obtain 
model input format, as was shown in Fig 6. There are woodlands in the upstream areas of Sihu basin. The 
areas of higher ground mostly are dry lands, while the areas of central basin, due to relatively low-lying, 
mostly are paddy fields. Urban areas are mainly in the higher ground. 
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Fig.4. Land uses in Sihu basin 
3.2. Soil types 
According to the classification results of the America Soil Bureau, the soil types were divided into A, 
B, C, and D 4 class (Fig 7). In most parts of Sihu basin are D class (paddy soil), parts areas of upstream 
are C class (damp soil and brown soil), there are a small number of A class(limestone soil) in the 
midstream and other areas are B class (the gray damp soil, purple soil and meadow soil). 
 
 
Fig.5. Soil types in Sihu basin 
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3.3.  The spatial distribution of CN values in Sihu basin 
CN value was calculated based on land use data and soil data, the spatial distribution was shown in Fig 
8. CN value in the upstream of Sihu basin, where ground is higher and is mostly paddy soil, is the 
maximum; most areas of the midstream and downstream are mostly paddy fields, CN value is the medium; 
north and south edge of the basin are mostly dry lands, CN is smaller. Because we defined the water 
surface as some lakes or large water bodied, where are not simulate in this study. CN of Chang Lake, 
Honghu Lake and other waters are 0. As can be seen in Table 4, the maximum CN value is in the paddy 
fields, followed by residential areas and dry lands, the CN value of woodlands is the minimum. 
 
Fig.6. The spatial distribution of CN values in Sihu basin 
Table 1. CN values tables of different land uses 
Model classified Local classified CN value 
Water Water surface 0.0 
Commercial Paddy fields 92.5 
Agricultural Dry lands 76.5 
HD Residential Residential areas 86.0 
Grass/Pasture Grasslands 64.0 
Forest Woodlands 58.0 
 
3.4. The spatial distribution of annual runoff volume in Sihu basin 
In Fig 9, the runoff of most areas in the upstream and midstream are larger than that in the downstream. 
As can be seen in Table 5, the largest runoff is in the paddy fields, followed by residential areas and dry 
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lands; grasslands and woodlands are relatively small; the runoff of Chang Lake, Honghu Lake and other 
waters are 0. 
 
Fig.7. The spatial distribution of annual runoff depth in Sihu basin 
Table 2. The annual runoff depth of different land use types 
Model classified Local classified Runoff depth (cm) 
Water Water surface 0.0000  
Commercial Paddy fields 43.8087   
Agricultural Dry lands 13.7668 
HD Residential Residential areas 27.4130 
Grass/Pasture Grasslands 7.0168 
Forest Woodlands 5.1562 
3.5.  The spatial distribution of NPS nitrogen and phosphorus in Sihu basin 
In the Arcview loaded L-THIA module and followed the steps to simulate NPS pollution. In this paper, 
NPS nitrogen and phosphorus are selected and simulated. The maximum NPS nitrogen of the grid 
(16m*16m) in the whole basin is 224.805g, average is 79.201g, and the standard deviation is 0.06817. 
The NPS nitrogen load of dry lands is the largest; followed by paddy fields and residential areas; that of 
woodlands is the minimum (Fig 10). The maximum NPS phosphorus of the grid (16m*16m) in the whole 
basin is 66.420 g, average is 22.466 g, and standard deviation is 0.02061. The NPS phosphorus load of 
dry lands is the largest; that of residential areas and paddy fields are the medium; the NPS phosphorus 
load of woodlands is the minimum (Fig 11). The NPS phosphorus load of Sihu basin is less than NPS 
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nitrogen load. In most parts of the Sihu basin, the NPS nitrogen and phosphorus load are simultaneously, 
and that of dry lands, paddy fields and residential areas are more serious. 
 
Fig.8. The spatial distribution of NPS nitrogen in Sihu basin 
 
Fig.9. The spatial distribution of NPS phosphorus in Sihu basin 
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3.6. Digital river network 
Water information of Sihu basin was extracted (Fig 3). The white areas in the figure indicate the area 
where water resources are abundant. 
 
Fig.10. Water Index extraction results map in Sihu basin 
The diagram of direction of runoff in Sihu basin was obtained, as is shown in Fig 4. Red lines 
represent runoff; the black arrows represent the direction. 
  
Fig.11. River network and spatial distribution of the flow in Sihu basin 
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3.7. Average loads of N+P at the exit of the every unit and Validation on the simulation results by L-
THIA model 
The average load of NPS nitrogen and the observed concentration of TN at the exit of hydrologic units 
are shown in Table 6. There is a significant linear correlation between the average load of NPS nitrogen 
and the observed concentration of TN (R = 0.828, F (1, 16) = 32.8> F0.001) (Fig 12).  
Table 3. The average load of NPS nitrogen and the observed concentration of TN 
No. Name of Hydrologic units TN average load  
simulated (Kg/m) 
Average concentration of TN 
 observed in 2010 (mg/L) 
D1 Gaokou  0.01881 2.16408 
D2 Qingnan  0.01594 1.86078 
D3 Shuanghe  0.01416 1.92725 
D4 Tianyang  0.01571 2.42545 
D5 Tudigou  0.03570 4.16008 
D6 Wuchang  0.01897 2.35130 
D7 Donggang 0.02152 2.94098 
D8 Dongfeng  0.01176 2.44495 
D9 Huangxie  0.01717 2.80670 
D10 Maoshi 0.00664 2.10520 
D11 Xinhe  0.01258 1.74345 
D12 Wanquan  0.01448 2.54115 
D13 Jingdongxiaogang  0.00628 1.85275 
D14 Wulinqiaokou  0.01260 1.89853 
D15 Dashahuyangjiagou  0.00868 2.19273 
D16 Fengshou  0.01743 2.65475 
D17 Xingfu  0.00922 2.19790 
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Fig.12. The correlation of average load of NPS nitrogen and observed concentration of TN  
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The average load of NPS phosphorus and the observed concentration of TP at the exit of hydrologic 
units are shown in Table 6. There is a significant linear correlation between the average load of NPS 
phosphorus and the observed concentration of TP (R=0.957，F(1, 16)=172.2>F0.001) (Fig 13). 
Table 4. The average load of NPS phosphorus and the observed concentration of TP 
No. Name of Hydrologic units TP average load  
simulated (Kg/m) 
Average concentration of TP 
 observed in 2010 (mg/L) 
D1 Gaokou  0.01881 0.16763 
D2 Qingnan  0.01094 0.15223 
D3 Shuanghe  0.02456 0.21445 
D4 Tianyang  0.12295 0.33125 
D5 Tudigou  0.34869 0.90038 
D6 Wuchang  0.05944 0.20620 
D7 Donggang 0.17037 0.49708 
D8 Dongfeng  0.10867 0.34580 
D9 Huangxie  0.17068 0.52448 
D10 Maoshi 0.04371 0.13063 
D11 Xinhe  0.02456 0.21445 
D12 Wanquan  0.07745 0.21825 
D13 Jingdongxiaogang  0.01518 0.19780 
D14 Wulinqiaokou  0.05872 0.20600 
D15 Dashahuyangjiagou  0.04994 0.17048 
D16 Fengshou  0.10207 0.24685 
D17 Xingfu  0.06307 0.19713 
 
y = 0.4066x - 0.0258
R2 = 0.9159
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Fig.13. The correlation of average load of NPS phosphorus and observed concentration of TP 
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3.8.  Impact on NPS load of nitrogen and phosphorus under different land uses 
The NPS nitrogen and phosphorus loads of different land uses are shown in Table 8. As can be seen 
from the table, the NPS nitrogen and phosphorus load of dry lands is both the first, respectively 
532.389Kg/a·Km2, 157.296Kg/a·Km2; the NPS nitrogen load of paddy fields is the secondary, 
515.949 Kg/a•Km2; followed by residential areas, water surface and grasslands; NPS nitrogen load of 
woodlands is the minimum, 31.722Kg/a•Km2; the NPS phosphorus load of residential areas is the 
secondary, 137.331Kg/a•Km2; followed by paddy fields, water surface and grasslands; NPS phosphorus 
load of woodlands is the minimum, 0.452Kg/a•Km2. Overall, the impact of dry land on NPS nitrogen and 
phosphorus loads is the maximum; that of paddy fields and residential areas is medium; the effect of 
woodlands is the minimum. 
Table 8. The NPS nitrogen and phosphorus loads under different land uses 
Model classified Local classified NPS- N（Kg/a·Km2） NPS- P（Kg/a·Km2） 
Water Water surface 294.552 86.667 
Commercial Paddy fields 515.949 123.212 
Agricultural Dry land 532.389 157.296 
HD Residential Residential areas 446.320 137.331 
Grass/Pasture Grasslands 43.170 0.616 
Forest woodlands 31.722 0.452 
 
4. Discussion 
In this paper, we used L-THIA model to simulate the NPS nitrogen and phosphorus load of Sihu basin 
in Hubei, and validate the simulation results. Based on the reliable simulation results, the effects of 
different land uses on NPS nitrogen and phosphorus load were analyzed further. This study is only some 
rough research on NPS pollution of tidal plain, and some problems should be considered and studied for 
more in the future work. 
In this study, NPS pollution of tidal plain was simulated by L-THIA model. The output results were 
average annual runoff volume and the NPS nitrogen and phosphorus load in each grid. Therefore, the 
water quantity can be estimated by the average annual runoff volume, thus, concentration of NPS nitrogen 
and phosphorus in each grid can be calculated. And in the actual observation process, the concentration of 
nitrogen and phosphorus are more readily available. However, it remains to be further studied that the 
average annual runoff volumes simulated can represent the water quantity or not.  
In this paper, in order to validate the results, we used the methods provided by Turcotte (2001) to 
calculate the direction and distance of runoff through the hydrologic units, and calculated the average 
loads of NPS nitrogen and phosphorus at the exit of hydrologic units. Furthermore, the average load 
linear correlation with concentrations of N and P observed showed that both were highly significant linear 
correlation. This proves that the average load based on suppose that the pollution load is inverse to the 
distance of water flow have certain reliability. However, this is still an indirect validation method, and it 
cannot prove the validation of results simulated by L-THIA directly. It is the mostly direct method to 
compare the concentration of NPS nitrogen and phosphorus with actual observed data.  
In this study, we observed the concentrations of nitrogen and phosphorus from the exit of the 
hydrologic units. This concentration can or not represent the concentration within the hydrologic units 
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also needs further study. And we analyzed the effects of different land uses on NPS pollution load of 
nitrogen and phosphorus, and obtained the initial conclusion that the impacts of dry land were the largest, 
followed by residential and paddy fields, and that of woodland is the minimum. Based on the results 
above, the impacts on the NPS pollution under different landscape pattern can be assessed further. 
5. Conclusion 
According to the study, we accessed the conclusions that the NPS nitrogen load was larger than NPS 
phosphorus load in Sihu basin. And NPS nitrogen and phosphorus load of the higher-lying areas was 
large, that of low-lying areas was relatively small. There were highly significant linear correlation 
between the average load and concentrations of TN and TP observed. So the average load based on 
suppose that the pollution load is inverse to the distance of water flow have certain reliability. At last, the 
study on the effects on NPS nitrogen and phosphorus load under different land uses demonstrated that the 
effects of dry lands on NPS nitrogen and phosphorus load were both the largest, residential areas and 
paddy fields were the medium, grasslands and woodlands were the minimum. 
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